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(54) OPTICAL RECORDING MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
recording medium which makes high-density recording 
and reproducing of information possible and which has 
sufficient stability for continuously repeated 
reproduction of still images. 

SOLUTION: The optical recording medium has a mask 
layer 3 which changes the transmittance for light by the 
temperature change by irradiation of light on a 
transparent substrate 1 consisting of a light-transmitting 
resin on which minute pit lines, concentric guide grooves 
or spiral guide grooves are formed so that the effective 
spot diameter of the laser light is decreased by using the 
changes in the transmittance of the mask layer. In the 
medium, a permeation preventing layer 2 to prevent the 
material of he mask layer from permeating the! 
transparent substrate is formed between the transparent 
substrate and the mask layer. Thus, high-density 
recording and reproducing of information is made 
possible and the medium has sufficient stability for 
continuously repeated reproducing of still images. 

* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]On a transparent substrate of light transmittance state resin in which a guide rail of a 
minute pit sequence or concentric circle shape or a guide rail of spiral shape was formed, In an 
optical recording medium which has a mask layer from which light transmittance changes with 
the temperature changes by exposure of light, and was made to make an effective spot diameter 
of a laser beam small using change of light transmittance of this mask layer, An optical recording 
medium constituting so that a penetration protection layer in which material of said mask layer 
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prevents permeating said transparent substrate may be provided between said transparent 
substrate and said mask layer. 

[Claim 2]The optical recording medium according to claim 1, wherein said penetration protection 
layer consists of transparent mineral matter. 

[Claim 3]The optical recording medium according to claim 1 or 2, wherein said mask layer 
contains an electron-donating coloring compound and an electronic receptiveness color 
developer. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a recordable optical recording medium with high 
density, has a mask layer containing the material which consists of a thermochromic substance 
from which light transmittance changes with the intensity of irradiation light especially, and 
relates to the optical recording medium which can make the effective spot diameter of irradiation 
spot small, and can perform high-density record reproduction. 
[0002] 

[Description of the Prior Art]In recent years, large scale-izatidn of optical recording media, such 
as an optical disc, is considered, and various proposals are made. For example, packing a track 
pitch for large-scale-izing, shortening wavelength of the laser beam used for record 
reproduction, enlarging the numerical aperture of an object lens, etc. are studied. Using SHG 
(Second Harmonic Generator) using recent years and a nonlinear optical element as a laser 
beam of the short wavelength used for reading and writing of information to an optical disc is 
examined. For example, although taking out and using the 400-nm light which is the 2nd 
harmonics using an SHG element from an 800-nm laser beam etc. is studied, the actual condition 
is not having resulted in the level with which practical use can be presented from fields, such as 
conversion efficiency, a price, and stability. Although the semiconductor laser element which 
outputs the laser beam of the 400-500-nm bluish green which carried out short wavelength 
formation - purple-blue light is also studied briskly, The actual condition is not having resulted in 
the level with which practical use of the optical recording medium which needs high power 
especially from fields, such as an output and stability, at the time of record, and in which a 
postscript or rewriting is possible can be presented. 

[0003] For the absorption which the transparent substrate made of resin itself has, or the 
increase in a double refraction factor, wavelength is more difficult for use of the ultraviolet laser 
of short wavelength than 400 nm, and high NA-ization is also approaching a limit. Then, research 
and development are variously made until now also about the record reproduction (what is called 
disk super resolution) of high-density light information which was not able to carry out record 
reproduction by making small the effectual diameter of irradiation spot when irradiating with an 
optical recording medium about the record reproduction art of the further high-density 
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information. The optical recording medium which realizes disk super resolution as the example 
using the mask layer which consists of a thermochromic substance is indicated by JP.7- 
182693A JP.7-311978A etc. Since only the center portion of the irradiation portions of the 
mask layer which consists of a thermochromic substance by irradiating a laser beam in this art 
becomes a light transmittance state selectively by a rise in heat, this phenomenon is used, The 
diameter of irradiation spot is effectually made small, and, thereby, high-density record 
reproduction which was not able to carry out record reproduction is made possible until now. 
[0004] 

[Problem(s) to be Solved by the Invention]By the way, if it is in the optical recording medium 
using this mask layer, at the time of the usual reproduction, a problem does not arise at all, but. 
However, if what is called still playback that repeats the same place (the same track), and is 
irradiated with and played by a laser beam is performed rotating an optical disc. There was a 
problem that the heat by laser beam exposure makes an effective spot diameter small by 
accumulating gradually and that what is called a masking effect decreased. The purpose of this 
invention is to provide the optical recording medium which the densification record reproduction 
of information not only becomes possible, but has sufficient stability about continuation 
repetition still playback. 
[0005] 

[Means for Solving the Problemjthis invention person produces various optical discs which have 
a mask layer which consists of various kinds of thermochromic substances, As a result of 
examining wholeheartedly the still playback characteristic which repeats the same track and is 
reproduced, as a deterioration cause of the still playback characteristic, A problem of heat 
accumulation indicated to JP,7-272321,A etc., Namely, a result by which heat will be 
accumulated in a thermochromic substance by irradiating a laser beam which a disk made one 
revolution and has returned to the original place before fully cooling a once heated 
thermochromic substance, When a thermochromic substance which constitutes not only a 
problem of heat accumulation that a masking effect which area of a portion with high light 
transmittance spreads, and makes an effective spot diameter small will deteriorate but a mask 
layer has heating repeated, A mask layer was thinly lost by permeating the transparent substrate 
side made of resin, and being spread, and it found out that a masking effect became small. 
[0006]Namely, in order for leuco coloring matter currently used for a mask layer as a coloring 
agent and a phenol system compound currently used as a color developer to color, a mutual 
molecule needs to be in the neighborhood dramatically, but. A coloring agent and a color 
developer by heating being repeated by exposure of a laser beam both, Stopping coloring, even if 
will permeate into a transparent substrate made of resin which is an organic matter, a spread 
part will scatter, it will be pulled away by distance of a grade on which a mutual molecule does 
not exert an interaction and temperature becomes low as a result understood. When 
polycarbonate resin was especially used as a transparent substrate made of resin, it turned out 
that osmosis in a polycarbonate board of a phenol system compound is remarkable, this 
invention person used to result in this invention by finding out the above points. 
[0007]An invention specified to claim 1 on a transparent substrate of light transmittance state 
resin in which a guide rail of a minute pit sequence or concentric circle shape or a guide rail of 
spiral shape was formed, In an optical recording medium which has a mask layer from which light 
transmittance changes with the temperature changes by exposure of light, and was made to 
make an effective spot diameter of a laser beam small using change of light transmittance of this 
mask layer, It constitutes so that a penetration protection layer in which material of said mask 
layer prevents permeating said transparent substrate may be provided between said transparent 
substrate and said mask layer. Thus, it becomes possible to prevent that a material substance of 
a mask layer permeates into a transparent substrate, and is spread by making a transparent or 
translucent penetration protection layer intervene in wavelength of a laser beam irradiated 
between a mask layer and a transparent substrate. As a result, it becomes possible to fully 
stabilize densification record reproduction of information not only becoming possible but 
continuation repetition still playback, and to perform it. 

[0008]Said penetration protection layer consists of transparent mineral matter so that it may 
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specify to claim 2. Said mask layer contains an electron-donating coloring compound and an 

electronic receptiveness color developer so that it may specify to claim 3. 

[0009] 

[Embodiment of the Invention]Below f one example of the optical recording medium concerning 
this invention is explained in full detail based on an accompanying drawing. The partial expanded 
sectional view and drawing 2 in which the optical recording medium which drawing 1 requires for 
this invention is shown are a partial expanded sectional view showing the optical recording 
medium of other examples of this invention. This example explains this invention taking the case 
of the case where it applies to the optical disc as an optical recording medium. In drawing 1 . 
optical disc D as this optical recording medium, It has the transparent substrate 1 which consists 
of resin of a light transmittance state in which the pit and the groove were formed in the 
surface, and the protective layers 5, such as the penetration protection layer 2 by which it is 
characterized [ of this invention ], the mask layer 3 and the reflecting layer 4 which consists of 
metal membranes, and ultraviolet curing resin, are laminated further one by one, and it is 
constituted at the field side in which this pit and groove are formed. An arrow shows the 
direction with which laser beam L used for record reproduction is irradiated among the figure. 
[0010]Optical disc D by this invention is applicable also in only for [ playback ] type, and record 
reproduction type any. As shown in drawing 2 in the case of the record reproduction type optical 
disc, the recording layer 6 is only added between the mask layer 3 and the reflecting layer 4. It is 
[ transparent substrate / 1 / which consists of resin of the above-mentioned light transmittance 
state ] usable in what is used for usual [, such as polycarbonate resin, polymethacrylic-acid- 
ester resin, and an epoxy resin, ] as a substrate of an optical disc. On this transparent substrate 
1, in the case of an only for [ playback ] type optical disc, the pit is formed, on the other hand 
when it is a record reproduction type optical disc in which record reproduction is possible, a 
groove is formed and the recording surface is formed. About the formation method of these pits 
and grooves, there is no restriction in particular and it is formed by the usual method. 
[0011]On the transparent substrate 1 which comes from resin of the above-mentioned light 
transmittance state into a drawing, the transparent or translucent penetration protection layer 2 
is formed to laser beam L irradiated as mentioned above. This penetration protection layer 2 
prevents it from the thermochromic substance of the mask layer 3 which is this uppier layer 
permeating the transparent substrate 1 , and being spread. Since the thermochromic substance 
which is the construction material of the transparent substrate 1 and the material of the mask 
layer 3 which are used by this invention is an organic compound and familiarity is good generally, 
If the transparent substrate 1 and the mask layer 3 touch more than the state where 
temperature is high, especially the glass transition point (Tg) of resin, the osmosis diffusion to 
the transparent substrate 1 of a thermochromic substance will take place easily. Therefore, as 
construction material of such a penetration protection layer 2, a thermochromic substance and a 
substance without compatibility are preferred, for example, the layer which consists of mineral 
matter, such as ZnS, Si0 2 , and aluminum 2 0 3 , is preferred. Metal, such as the metal layer which 

adjusted transmissivity to others, for example, Au, aluminum, nickel, and Cu, and the alloy of 
those may be used as the penetration protection layer 2. 

[0012]Next, the mask layer 3 consists of a thermochromic substance, and the wavelength of the 
laser beam used for optical recording reproduction is received, Since absorbance is size at a 
temperature lower than a threshold, transmissivity is low, and when an absorbance decreases at 
the temperature beyond a threshold, and transmissivity increases and also it is cooled by 
temperature lower than a threshold, an absorbance increases again and it has reversible 
character [ say / that transmissivity becomes low and returns to the original state ]. On the 
other hand, when the mask layer 3 has absorption to the wavelength of the laser used, the 
temperature of the mask layer 3 will rise by optical exposure. That is, since change of the light 
transmittance to the temperature of the thermochromic substance which constitutes the mask 
layer 3 has the characteristic as shown in drawing 3 t only in the portion heated by the 
temperature beyond transmittance change point P1, light transmittance becomes high, as for the 
other portion, an absorbance is held, and light transmittance is still low. Here, temperature is 
[ abbreviated-] proportional to light intensity, and expresses the horizontal axis with it as light 
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intensity in drawing 3 . Light intensity in the transmittance change point P1 is set to Is. The 
effect, i.e., a masking effect, of reducing the light spot diameter irradiated substantially by this 
can be demonstrated. 

[0013]When an optical disc is irradiated with the light spot of the laser beam which has normal 
distribution-like intensity distribution like drawing 4 by forming such a mask layer 3, The light 
which penetrated this mask layer 3 serves as the effective spot diameter L2 smaller than the 
diameter L1 of irradiation spot like the light spot which was made to correspond to the intensity 
distribution curve in drawing 4 , and was indicated, and serves as light spot reduced substantially. 
Therefore, record and reproduction of high-density information can be enabled by using this 
masking effect. It depends for the effective spot diameter L2 at this time on the light intensity Is 
of the transmittance change point P1. Although various things with the above-mentioned 
character can be used as a thermochromic substance of the mask layer 3, the mixed stock of an 
electron-donating coloring compound, and an electronic receptiveness developer and a polar 
compound, an electron-donating coloring compound, the mixture of a phenol system developer, 
etc. are raised, for example. As an electron-donating coloring compound, a fluoran system 
compound, a spiro pyran series compound, a phthalide system compound, a lactam system 
compound, etc. can be raised. It is preferred to contain at least one or more sorts of a phthalide 
compound especially expressed with following ** 1. 
[0014] 
[Formula 1] 




[0015]During the above-izing 1, A shows the substituent expressed by ** 2 of the following 
structural formula - the-izing 4, R 5 and R g may show the phenyl group which may have a 

hydrogen atom, an alkyl group, a cycloalkyl group, a tetrahydrofurfuryl group, or a substituent 
independently respectively, and R 5 and R 6 may connect them, and they may form heterocycle 

with the nitrogen atom to combine. R ? shows a hydrogen atom, an alkyl group, an alkoxy group, 

and an alkyl sulfhydryl group, and X and Y show CH or N. However, X and Y are not CH(s) 
simultaneously. 
[0016] 
[Formula 2] 
Rio 



[0017] 
[Formula 3] 
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R11 



[0018] 
[Formula 4] 




[0019]During the aboveHzing 2 - the-izing 4, R g , R Q , R^, R 13 and R 15 may show the phenyl 

group which may have a hydrogen atom, an alkyl group, a cycloalkyl group, a tetrahydrofurfuryl 
group, or a substituent independently respectively, and R g and R 9 may connect them, and they 

may form heterocycle with the nitrogen atom to combine. R 1Q , R 12 . R^. and R 16 show the phenyl 

group which may have a hydrogen atom, an alkyl group, an alkoxy group, an alkyl sulfhydryl group, 

or a substituent. The phenol system color developer containing at least one sort of a compound 

expressed with following ** 5 - theHzing 8 as an electronic receptiveness color developer is 

preferred. 

[0020] 

[Formula 5] 




«8 Rq Ru R13 



[0021] 
[Formula 6] 




Re R9 R14 R13 



[0022] 
[Formula 7] 
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[0023] 
[Formula 8] 




Rs Rg Ri4 R13 



[0024] During the above-izing 5 - the-izing 8, R 5 - R 14 show a hydrogen atom, a hydroxyl group, 

an alkyl group, an alkenyl group, or an alkoxy group. However, at least one of R 5 - the R 14 is a 

hydroxyl group. R 15 and R 16 show a hydrogen atom, an alkyl group, and a trifiuoromethyl group. 

The reflecting layer 4 is the same as that of the metal reflecting layers generally used with an 
optical disc, and is formed with the thin film of metal, such as gold and aluminum, or an alloy. It 
may be made to form the protective layer 5 if needed for the purpose of protection of a medium 
on this reflecting layer 4. This protective layer 5 can be easily formed by providing ultraviolet 
curing resin with a spin coat method. As mentioned above, since the penetration protection layer 
2 was formed between the transparent substrate 1 and the mask layer 3, Even when heat is 
accumulated like [ at the time of still playback ], the densification record reproduction of 
information not only becomes possible, but, Since the thermochromic substance which is the 
material of the mask layer 3 can be prevented from carrying out osmosis diffusion to the 
transparent substrate 1 side, therefore a masking effect does not decrease, continuation 
repetition still playback can be performed stably. 

[0025]Next, since an optical disc was actually produced and the evaluation was performed, the 
evaluation result is explained. 

On the transparent substrate 1 made of <example> polycarbonate resin, what formed Si0 2 , and a 

thing which formed Au were respectively made from magnetron sputtering, and each was made 
into the penetration protection layer 2. They are leuco-coloring-matter GN2 (made by 
Yamamoto Chemicals, INC.), and the bisphenol system compound BHPE (1,1-bis(4- 
hydroxyphenyDethane was directly formed with vacuum heating vacuum deposition.) as a mask 
layer on each penetration protection layer 2, respectively. Next, an aluminum (aluminum) film was 
formed as the reflecting layer 4, and an optical disc which forms an ultraviolet-curing-resin film 
as the protective layer 5, and serves as a sample of this invention was produced. 
[0026]On the other hand, leuco-coloring-matter GN2 (made by Yamamoto Chemicals, INC.) and 
the bisphenol system compound BHPE (1,1-bis(4-hydroxyphenyl)ethane) were directly formed 
with vacuum heating vacuum deposition as the mask layer 3 on the transparent substrate 1 
made of polycarbonate resin as a comparative example. This produced a sample which does not 
have the penetration protection layer 2. Light transmittance at 635 nm of both samples' produced 
as mentioned above was measured. Next, each sample was neglected in 100 ** oven for 1 hour, 
and light transmittance was measured in a similar manner after that. It is a thing to neglect this 
sample in 1 00 ** oven for 1 hour, in order to reproduce the same heat accumulation state as a 
time of performing still continuous reproduction. A result at that time is shown in Table 1. 
[0027] 
[Table 1] 
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[0028]In the case of this inventions 1 and 2 which have the penetration protection layer 2, so 
that clearly from Table 1 , When after heating was a comparative example which does not have 
the penetration protection layer 2 to change of light transmittance being slight, osmosis diffusion 
of a coloring agent to a polycarbonate resin board and a color developer took place, and it 
became clear that light transmittance was rising greatly. Next, it experimented by having 
produced an optical disc only for playback of the above-mentioned example, and the still 
playback characteristic was evaluated. What carried out injection molding of the polycarbonate 
resin, and formed a signal pit (it is a storage capacity of 4.7 GB with a 1 2-cm disk) of DVD was 
used for a produced optical disc as the transparent substrate 1 as an example. Si0 2 which is the 

penetration protection layer 2 like composition described in this invention 1 was formed on this 
transparent substrate 1, and the mask layer 3 and the reflecting layer 4 were further formed on 
this penetration protection layer 2, and also ultraviolet-curing-resin XR98 (made by Sumitomo 
Chemical) was formed by a thickness of about 7 micrometers as the protective layer 5. And it 
produced like a comparative example which carried out point ** also of the optical disc of a 
comparative example, a player (a reproduction condition — linear velocity CLV — 3.5 m/s) 
which carries a semiconductor laser with a wavelength of 635 nm for each optical disc produced 
in this way Number of rotations of 1200 rpm and about 1.7 mW of reproduction power were 
equipped, and a ratio of playback amplitude of a shortest pit at the time of continuation delivery 
reproduction and still playback (6000 times) of the same track and playback amplitude of a 
longest pit was measured. The result is shown in Table 2. 
[0029] 
[Table 2] 







iE!Pi£B# 


6000[s]#£BS 


**W1 


80% 


75% 




80% 


35% 



[0030] According to the experimental result shown in Table 2, that whose gain at the time of the 
1st playback was 80% is maintaining about 75% of playback amplitude ratio also after 6000 still 
playbacks, and, as for the optical disc of this invention 1, the good result is obtained. However, a 
playback amplitude ratio was not able to decrease to about 35% after 6000 still playbacks to the 
gain at the time of the 1st playback being 80%, and the optical disc of the comparative example 
was not able to make spot size small using the mask layer 3. 
[0031] 

[Effect of the Invention]As explained above, according to the optical recording medium of this 
invention, the operation effect outstanding as follows can be demonstrated. Since the 
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penetration protection layer was provided between the transparent substrate and the mask 
layer, the densification record reproduction of information not only becomes possible, but, Since 
the thermochromic substance which is the material of a mask layer can be prevented from 
carrying out osmosis diffusion to the transparent substrate side, therefore a masking effect does 
not decrease even when heat is accumulated like [ at the time of still playback ], continuation 
repetition still playback can be performed stably. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a partial expanded sectional view showing the optical recording medium 
concerning this invention. 

[Drawing 2] It is a partial expanded sectional view showing the optical recording medium of other 
examples of this invention. 

[Drawing 3] It is a graph which shows the relation between the light intensity of a mask layer, and 
light transmittance. 

[Drawing 4] It is a graph which shows the relation of distribution and the masking effect of light 
intensity. 

[Description of Notations] 

1 [ — A reflecting layer, 5 / — A protective layer, 6 / — A recording layer, D / — Optical disc 
(optical recording medium). ] — A transparent substrate, 2 — A penetration protection layer, 3 - 
- A mask layer, 4 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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